In recent years, there has been an increase in the number of infants with very low birth weight (VLBW, i.e., weight less than 1,500 g) in Japan. However, the effect of VLBW on subsequent behavioral development and mental health remains unknown. Subjects enrolled were 57 individuals (13.4 ± 1.9 years old) with VLBW (VLBW group), including 23 small-for-gestational-age (SGA) infants (i.e., the SGA/VLBW group) and 34 appropriate-for-gestational-age (AGA) infants (the AGA/VLBW group). The control group was 29 individuals born AGA at term. We used the questionnaires, the Pupil Rating Scale Revised (PRS) to screen for learning disabilities and the Children's Depression Inventory (CDI) to examine the presence of depression. The PRS score in the VLBW group was significantly lower than that of the control group ( p < 0.001). Suspected learning disabilities (LD, defined by a score below 65 points on the PRS) were found in 6 out of the 56 subjects in the VLBW group (10.7%), whereas none were found in the 29 control subjects ( p = 0.074). The frequency of suspected LD children was higher in the SGA/VLBW group (4 out of 22 evaluated infants, 18.2%) than that in the AGA/VLBW group (2/34, 5.9%). The frequency of suspected LD in the non-verbal field was significantly higher (p = 0.02) in the SGA/VLBW group (18.2%) than in the AGA/ VLBW group (0%). However, CDI score did not significantly differ between groups. These findings suggest that VLBW and fetal growth restriction may pose a risk for LD among adolescents with VLBW.
Introduction
In recent years, there has been a decline in the number of births in Japan and an increase in the number of infants with low birth weight. In 2011, 9.6% of all infants born in Japan had birth weights below 2,500 g, and 0.8% had very low birth weight (VLBW, defined as a birth weight below 1,500 g; Maternal and Child Health Statistics of Japan 2011). Improvements in perinatal and neonatal care have resulted in the survival of an increasing number of VLBW infants, and these individuals constitute a substantial minority of Japan's future population.
Recent epidemiological studies and animal experiments have shown that nutritional disorders and environmental factors from the fetal period to infancy lead to not only morphological defects such as physical malformations, but also the occurrence of lifestyle-related diseases such as hypertension, diabetes mellitus, and cardiovascular events later in life (de Boo and Harding 2006; Rice et al. 2006; Tanabe et al. 2011 ). According to this evidence, the concept of developmental origins of health and disease (DOHaD) has been defined as the process through which the environment encountered before birth, or in infancy, shapes the long-term control of tissue physiology and homeostasis (Gluckman and Hanson 2004; Gluckman et al. 2005) .
By contrast, the effect of intrauterine nutritional disorders on subsequent behavioral development or mental health remains to be established. According to a descriptive epidemiologic study by Hunt et al. (1988) , 18 (16.7%) of 108 eight-year-olds who had VLBW were diagnosed with learning disabilities (LD) using the Wechsler Intelligence Scale for Children (WISC) and the Wide Range Achievement Test (WRAT). In Japan, Kanazawa et al. (1997) investigated 33 VLBW infants using Myklebust's Pediatrics Rating Scale and found that 27.3% were sus-pected to have LD. These findings suggest a correlation between prematurity or intrauterine nutritional disorders and LD. However, few previous studies compared sameage children with VLBW and those born at 37 weeks or more of gestation with appropriate-for-gestational-age (AGA) weight (Strang-Karlsson et al. 2008) . Additionally, little is known about the proportion of LD between children with VLBW who were small for their gestational age (SGA) and those with VLBW who were AGA .
Some studies have examined the association between poor nutrition during the fetal period and depression later in adulthood (Thompson et al. 2001; Gale and Martyn 2004; Rice et al. 2006; Räikkönen et al. 2008) . Some (Gale and Martyn 2004; Räikkönen et al. 2008 ) reported a positive association, but others (Vasiliadis et al. 2008) reported no association, indicating that no conclusion has yet been reached as to whether a link exists. To our knowledge, no study has examined the association between intrauterine environment and depression during the school age period.
We conducted a follow-up survey on infants with VLBW who were discharged from neonatal intensive care units (NICU) between 1994 and 2000 and term infants born during the same period. In this study, we selected subjects aged 10 years or over who were enrolled in our survey and examined their growth, behavioral development, and mental health. The World Health Organization (WHO) identifies adolescence as the period in human growth and development that occurs after childhood and before adulthood, from ages 10 to 19 (UNFPA 1998). The purpose of this study is to compare growth, behavioral development, and mental health between children with VLBW and those born AGA at term, and then to elucidate the epidemiological effects of intrauterine environment on growth, behavioral development, and mental health in adolescence.
Materials and Methods

Subjects, design, and study variables
Our follow-up study started in 2000. There were three groups defined according to the physical standard value from gestation at birth established by Japan Pediatric Society Neonatal Committee (1994) (i.e., SGA weight below the 10 th percentile, or −1.28 standard deviations from the mean; Ogawa et al. 1998 ). There were 60 SGA infants weighing less than 1,500 g (SGA in VLBW group, hereafter denoted as the SGA/VLBW group), 89 AGA infants weighing less than 1,500 g at birth (the AGA in VLBW group, hereafter denoted as the AGA/VLBW group) with less than 32 weeks of gestation, and 96 term AGA infants (control group) with more than 37 weeks of gestation. Every infant was born in the Tohoku University Hospital from January 1994 to December 2000. In 2010, 39 SGA/VLBW subjects, 57 AGA/VLBW subjects, and 49 control subjects participated in the growth, development, and health evaluations. Self-report questionnaires were sent to each subject by mail. Data for 23 SGA/VLBW subjects, 34 AGA/VLBW subjects, and 29 control subjects were available for the present study.
This study was approved by the Ethics Review Committee of the Graduate School of Medicine, Tohoku University School of Medicine. All subjects gave their consent to participate in this study.
Self-report questionnaires
The items of the self-report questionnaire included assessments of the subjects' conditions at birth and their physical development values. Parents were asked about their own physical condition, education, employment at childbirth, and annual income. We used the Japanese version (Morinaga et al. 1992 ) of the Pupil Rating Scale Revised (PRS), developed by Myklebust (1981) , to test for LD. The PRS is comprised of five subscales, including auditory comprehension and memory, spoken language, orientation, motor coordination, and personal-social behavior. There are 24 items in total, each rated on a 5-point Likert-type scale. This screening tool has been extremely accurate in identifying possible learning problems in children. We evaluated individual scores according to Myklebust (1981) criteria. The children who scored below 20 points on verbal items, 40 points on non-verbal items, and 65 points in total were suspected to be verbal LD children, non-verbal LD children, and LD children, respectively. We also used the Children's Depression Inventory (CDI) to examine the presence of depression (Kovacs 1981) . The CDI is a 27-item questionnaire used to assess depressive symptoms in children between the ages of 6 and 17. We purchased the translated Japanese version from Multi-Health Systems (North Tonawanda, NY). According to a study by Kovacs (1981) , the mean CDI score in healthy children is 9, while the cut-off point for depression is 19. In Japanese infants and school-aged children, Murata et al. (1989) suggested that a cut-off point of 22 was suitable, so we used it in the present study. The CDI was administered to the child subjects, whereas the self-report questionnaire and PRS were administered to his/her parents.
Statistical analysis
The questionnaire items and scores on the PRS and CDI were compared as follows: (1) the entire VLBW group versus the control group, (2) SGA/VLBW group versus control group, (3) AGA/VLBW group versus control group, and (4) SGA/VLBW group versus AGA/ VLBW group.
For the statistical analysis, χ 2 tests were used to conduct between-group comparisons on qualitative variables, whereas the quantitative variables were analyzed using t-tests. Adjustment for confounding factors was performed by using analyses of covariance. SPSS for Windows (version 18) was used for statistical analysis. The significance threshold was set at 5%.
Results
Characteristics of the subjects
The characteristics of the VLBW group (SGA and AGA) and the control group are shown in Table 1 . Mothers of the VLBW group had a significantly higher percentage of pregnancy-induced hypertension compared with mothers of the control group. Furthermore, between the VLBW groups, the mothers of the SGA group had a significantly higher percentage of pregnancy-induced hypertension compared with those of the AGA group. In terms of social conditions, the percentages of fathers and mothers who had graduated with a four-year university education were significantly lower in the VLBW group (mother: 5.4%; father: 15.7%) compared with the control group (mother: 24.1%, 
PRS score
The PRS and CDI scores of the subjects are shown in Table 2 . The PRS score of one subject and the CDI scores of two subjects were not available; namely, the data on PRS and CDI were available in 56 subjects and 55 subjects, respectively. The total PRS score was significantly lower in the VLBW group compared with the control group. Scores of the verbal field and the non-verbal field were also significantly lower in the VLBW group. Furthermore, the VLBW group scored significantly lower than did the control group on each of the subscales, including auditory understanding and memory, spoken language, orientation, motor coordination, and social behavior. Further, six out of the 56 subjects in the VLBW group (10.7%) had suspected LD (a total PRS score of less than 65), but none of the 29 control subjects did. This difference was not statistically significant ( p = 0.074). More specifically, four out of the 22 SGA subjects were found to have suspected LD (18.2%; SGA vs. control: p = 0.029). The results of the above comparison of PRS scores did not change even after adjusting for age at evaluation, sex, and parents' highest level of education.
Next, we compared the percentages of suspected LDs in the verbal and non-verbal fields, and in total, between the SGA/VLBW and AGA/VLBW groups. The percentages were as follows: in the SGA/VLBW group, the values were 1/22 (4.5%), 4/22 (18.2%), and 4/22 (18.2%), respectively; in the AGA/VLBW group, the values were 1/34 (2.9%), 0/34 (0%), and 2/34 (5.9%), respectively. Thus, more suspected LD children were present in the SGA/VLBW group. The percentage of suspected LD in the non-verbal field was significantly higher in the SGA/VLBW group than in the AGA/VLBW group ( p = 0.02).
CDI score
The mean scores of the CDI in both the SGA/VLBW group (12.5 ± 5.7 points) and the AGA/VLBW group (10.9 ± 6.8 points) were higher compared to the control group (10.0 ± 6.1 points), but no significant differences were found. A CDI score of more than 22 points was obtained by one adolescent from the SGA/VLBW group (4.5%), 3 adolescents from the AGA/VLBW group (9.1%), and 2 adolescents from the control group (6.9%). None of these comparisons were significant.
Discussion
This is the first study, to our knowledge, to evaluate the development and mental health of adolescents with VLBW compared to those born AGA at term (control group) in Japan. The results revealed that the PRS scores of VLBW infants were significantly lower in each subscale (auditory comprehension and memory, spoken language, orientation, motor coordination, and personal-social behavior) compared to those of the control group. The percentage of suspected LD based on PRS score was significantly higher in the VLBW group than in the control group. Furthermore, more LD subjects were found in the SGA/ VLBW group than in the AGA/VLBW group. There were no significant differences in CDI scores between the SGA/ VLBW, AGA/VLBW, and control groups.
Our findings on LD were consistent with findings from previous studies. Aarnoudse-Moens et al. (2009) conducted a quantitative meta-analysis of studies published between 1998 and 2008 on academic achievement (14 studies), behavioral functioning (9 studies), and executive function (12 studies), which compared a total of 4,125 very preterm and/or VLBW children with 3,197 term-born controls. They reported that very preterm and/or VLBW children have moderate-to-severe deficits in academic achievement, attention problems, internalizing behavioral problems, and poor executive function.
Previously, only the Helsinki Study of Very-LowBirth-Weight Adults examined whether the effects of VLBW on development differ between VLBW adults who were SGA and those who were AGA (Strang-Karlsson et al. 2008) . VLBW adults in the SGA subgroup (mean age: 22.2 years old) scored significantly higher on the executive dysfunction and emotional instability subscales of the Adult Problem Questionnaire (a measure of attention deficit hyperactivity disorder [ADHD] behavioral symptoms), than did those in the AGA subgroup (mean age: 22.5 years old) and the term comparison group (mean age: 22.5 years old; Strang- Karlsson et al. 2008) . ADHD is known to be related to LD, and studies have reported that VLBW infants had a higher risk for ADHD and LD when they reached school age compared with a normal term group (Aarnoudse-Moens et al. 2009 ). The Helsinki Study proposed new evidence that VLBW-SGA individuals had excessive ADHD-related behaviors. We also found more excessive LD-related symptoms in the non-verbal field in VLBW-SGA individuals than in VLBW-AGA individuals.
Our findings suggest that intrauterine growth retardation, for which SGA serves as a proxy, and prematurity, for which VLBW serves as a proxy, predict later LD-related behavioral characteristics. The underlying mechanisms may be biological and psychosocial. Biological programming of the developing brain caused by an unsuitable intrauterine environment or prematurity-associated illness in the postnatal period may disturb neuronal organization and modify later psychological characteristics. In animal experiments, malnutrition during the fetal period has been shown to cause a reduction in essential proteins (MeCP2) for normal epigenetic regulation of gene expression in the brain (Lillycrop et al. 2008 ). The psychosocial environment may also affect the development of the VLBW individual because having a VLBW child can give rise to maternal psychological distress (Singer et al. 1999 ). In our study, a difference in academic background and income was observed between the VLBW group and the control group. However, even after adjustment for academic background and income, PRS scores were significantly lower in the VLBW group than in the control group.
Two studies have examined the effect of intrauterine environment on mental health later in life (Gale and Martyn 2004; Alati et al. 2007) . However, these studies were conducted on subjects with low birth weight (LBW, i.e., weight less than 2,500 g), and data on mental health outcomes of VLBW young adults are scant and inconsistent. Hack et al. (2004) sought to examine gender-specific behavioral outcomes and evidence of psychopathology in a cohort of 241 VLBW young adults at 20 years of age. Parents of VLBW women reported significantly higher scores for their daughters on the anxious/depressed, withdrawn, and attention problem subscales compared with control parents. Moreover, according to the Helsinki study, VLBW adults in the SGA subgroup (22.2 ± 2.1 years old) scored higher on the emotional instability subscale of the Adult Problem Questionnaire than did those in the AGA subgroup (22.5 ± 2.1 years old) and the term comparison group (22.5 ± 2.2 years old). This finding indicates that rather than VLBW per se, intrauterine growth retardation, as reflected by SGA status in the VLBW subjects, confers a risk for emotional adversity in young adulthood. On the other hand, Cooke (2004) reported no difference in self-reported anxiety and depression between 138 subjects aged 19-20 years with VLBW and 163 term control subjects. In our study, individuals in the VLBW group were more likely to have higher CDI scores [11.6 ± 6.4 (SGA/VLBW group: 12.5 ± 5.7, AGA/VLBW group: 10.9 ± 6.8)] compared with term control group individuals (10.1 ± 6.1), though no statistical difference was observed. Further follow-up studies are needed.
There are both strengths and limitations in our study. A strength is that we divided the VLBW group into AGA and SGA subgroups. Few previous studies the effect of VLBW on development in later life while considering intrauterine growth retardation . Another strength is that data were collected on many kinds of factors known or suspected to modify the development of infants, such as parents' educational backgrounds and family income. Therefore, we could elucidate the independent effect of VLBW by multivariate adjustment. Several limitations of this study also deserve mention. First, the number of subjects in our study was smaller than that in previous Western studies on the development of VLBW infants. Therefore, we could not determine gender differences in learning disability or depression in this study. Second, our study subjects were recruited from a local area in Japan, making it difficult to generalize our findings. Third, in recent years, psychological stress during pregnancy, such as anxiety and depression, has been shown to have adverse effects on infant development during the fetal period and after birth, including premature delivery, reduced infant weight at birth, and impaired behavioral and emotional development in the child. However, data on psychological status during pregnancy were not available in our study. Moreover, we could not collect medical histories of psychological disease from the parents. Finally, unfortunately, we were able to collect the current data on LD and depression symptoms only from a portion of the originally enrolled infants. We could not identify the reasons for attrition.
In conclusion, consistent with previous findings in VLBW children, we found evidence of increased LD symptoms in all subscales of the PRS (auditory comprehension and memory, spoken language, orientation, motor coordination, and personal-social behavior) among the adolescents with VLBW. Moreover, more LD-related symptoms in the non-verbal field were observed in SGA/VLBW teens compared with AGA/VLBW teens. Therefore, not only VLBW per se, but also intrauterine growth retardation may pose a risk for LD among adolescents. In contrast, we found no evidence of increased symptoms of depression among the adolescents with VLBW.
The purpose of our original follow-up survey on VLBW infants was to support their growth and development after discharge from the NICU. The epidemiological evidence described in the long-term follow-up study on VLBW infants from the fetal period to adulthood must be able to serve as a reference to provide proper support for each infant's growth and development. It is also necessary to elucidate the pathophysiological and neuropsychological mechanisms underlying them.
